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In looking over the literature of the histology of lethargic enceph-
alitis which has accumulated during the last few years, it was of
interest to note that no one has made mention of the inflammatory
changes which may occur in the cranial nerves in these cases. Since
this fact may be of importance in clearing up and explaining many of
the clinical symptoms, in subsequently giving aid for the solution
of the etiology of this affection and in differentiating it pathologically
from acute poliomyelitis, it became of interest to study more care-

fully the material obtained from the necropsies made in three cases

and to report the findings with abstracts of the clinical histories.
These cases were treated and died in the Barnes Hospital, and the
abstracts of the clinical histories reported in this paper are taken
from the histories which are filed there.

REPORT OF CASES

Case 1.\p=m-\J.H. T., male, negro, aged 46 years, chauffeur, was admitted to
the hospital, Feb. 14, 1919, in the service of Dr. George Dock. The patient
complained of a general run down condition and failing eyesight. The family
history was not important.

Past History.—His past history has also been uneventful. He does not
remember ever having been sick before the present illness. He denies syphilis
and gonorrhea and gives no history which would indicate his having had the
same. He has followed the profession of chauffeur for the last twelve years. He
has never married. He eats regularly and drinks two or three glasses of
whisky, 2 or 3 pints of beer and 1 cup of coffee a day but he takes no tea
or drugs.

Present Illness.—This commenced three weeks ago. The first symptom was
weakness of vision. This bothered him in driving a car. A physician was
consulted who told him he was losing his eyesight and gave him an eyewash.
He has had no headache and he has not had complete loss of vision at any time.

His appetite is good. He has had no fever, chills, pain of any kind,
nausea or vomiting, but during the whole of the last month his bowels have
moved but once a week. There has been no loss of weight, no cough, no
urinary symptoms. Aside from the changes in vision Kis only complaint is
weakness. He feels tired all the time and wants to lie down and when he
does he always falls asleep. During the last week he has slept excessively.

From the pathological laboratory of the Washington University School
of Medicine.
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There has been no loss in motor power, no yawning. His'memory is good,
and he has had no ringing in his ears, no dysphagia, no vomiting, no sub¬
jective sensation. It has been noticed recently, however, that he hesitates
before answering questions and he says he has double vision.

A physician who knows him states that he recently developed a corneal
scar in the left eye. This was noticed first by him about February 3 or 4.
This physician also says that during the last month he has had four auto¬
mobile accidents and all were on the left side. They were ascribed to defective
vision of the left eye caused by the scar. He also complained ten days ago
to this physician of pain in his left leg. His leukocyte count at that time was
5.700. There was no abdominal rigidity and no deep tenderness. The pain
moved later to the right sacro-iliac region, and disappeared entirely when the
patient was put to bed.

Always in the past the patient answered questions quickly and promptly.
The first indication of altered speech began February 9. It was also noticed
at that time that he tilted his head forward and to the left.. He has been
in bed most of the time recently. No abnormalities of gait have been noticed.

Physical Examination on Admission.—The patient is lying quietly in bed.
He seems oriented, but answers questions slowly. He knows his name, age,
day of the week but not the date of the month. He says Christmas was two
months ago but stutters when he says it. His speech is thick and he stares
straight ahead but does not complain of pain. In fact, he says he feels fine.
His eyes do not move when he speaks. The eyelids move occasionally. His
head is also held fixed. The skin of the face is greasy. He says he has put
nothing on it. The skin in other parts of the body is smooth, moist and
elastic but slightly hyperesthetic. The panniculus is thick. The muscles are

large and firm.
Head : The face is expressionless. The lips are open 2 mm. Part of the

hair is gray. The eyes move well to the right but poorly to the left. One
mm. of sclera always shows on the left side. Upward movements are limited
to 2 mm. He cannot move his eyes downward. Both upward oblique move¬

ments are present to a slight extent. Downward oblique movements are made
readily. Both eyes move synchronously. There is slight nystagmus in the

.

vertical direction and slight internal strabismus of the left eye but no con¬

vergence.
Nose : It is red and dry. The septum is deviated to the right and there is

a polyp in the posterior nares on the right side.
Mouth : The tongue protrudes in the midline and has a median coarse

tremor. It is pointed, gray and coated. There is a marked pyorrhea alveolaris.
There is a slight reflex response to touching the pharyngeal wall. The tonsils
are on a level with the fauces and reddened. The voice is hoarse. The larynx
is not examined.

Ears : The right drum looks red. The left is retracted. There is no

discharge.
Neck : There are no palpable nodes. The thyroid is not enlarged. The

jugular pulsation is marked.
Chest: It is large. The clavicles are prominent. The respiratory move¬

ments are shallow. They are 22 per minute, and costo-abdominal in type.
They lag slightly on the left. The percussion note is resonant, except at the
left apex. The breath sounds are weak throughout but louder at the left
apex. There are no râles heard in front. The spoken voice sounds are well
transmitted. Behind.the breath sounds are heard only at the left apex and
there are showers of very fine crépitant râles heard over the right lower lobe.

Heart : The cardiac dulness is 12 cm. to the left and 3 cm. to the right
of the midsternal line. There are no murmurs. The aortic second sound has
a slightly ringing quality. The walls of the radial arteries are thickened. The
pulse is 100 per minute. The blood pressure is 154/112 on the right side and
150/112 on the left.
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Abdomen: The liver, spleen and kidneys cannot be felt. The level of the
abdomen is below the costal margin. It is soft throughout and there are no
areas of tenderness. The epigastric and lower abdominal reflexes are absent.
The midabdominal reflexes are occasionally present on both sides.

Upper Extremities : The reflexes on the right side are slightly more active
than on the left side. The periosteal, biceps and triceps reflexes are elicited
on both sides. The digital reflexes are absent. The epitrochlear glands are
not palpable. The skin of the hands is dry. There is no limitation of motion.
The fingers are held in a claw-like position. This changes during examination.
Resistance is given to any passive movements of the arms or hands.

Lower Extremities : The knee kicks are equal and active. The response
varies at times. There is no patellar or ankle clonus, Oppenheim, Gordon or
Chaddock's sign. The skin of the feet is dry. The cremasteric reflexes are
equal and active. The right responds more quickly than the left. The skin
over the edge of the right tibia is roughened.

During the examination the patient holds his neck rigidly, and when told
to raise his body he cannot do it. With help he raises his trunk but always
holds his neck in the same rigid position. His movements are slow. He
gets out of bed slowly and carefully without at any time moving his head
sideways.

Gait : He walks slowly. His body tends to fall to the right and his
head is held over to the right side. His gait is slightly spastic and there is
no wide base. His steps are short and shuffling and there are indications of
definite weakness. Romberg's sign is negative. Heel to knee and midthigh
movements are good. There are no Kernig or Babinski signs.

Genito-Urinary System : The testicles are negative, and there are no
penile scars.

Rectum : The sphincter tone is good. The prostate is enlarged, roughened
and slightly tender. There are no definite nodules.

Eye Grounds : Both lids are red. Their edges are distinct. There is no

choking of the disks. The lamina cribrosa markings are perfectly clear. There
are no hemorrhages or tubercles. The media are clear. The vessels of both
eyes are tortuous, but this is more marked in the right eye than in the left.

Clinical Course.—February 17, three days after admission, the right eye
shows upward deviation. The left rotates inward. A lumbar puncture is
made. Arsphenamin, 0.3 gm., is given, but there is no immediate reaction.

February 19: The patient is more drowsy. The rigidity is as before. The
pulse is rapid.

February 21 : Kernig is marked. The respirations are shallow, 38 per
minute. The pulse is 140. The diagnosis of encephalitis lethargica is
suggested.

February 23 : A stereoscopic roentgenogram of the skull is reported nega¬
tive. The patient dies at 5: 45 p. m.

The pulse during his stay in the hospital ranged between 100 and 150. The
temperature on admission was normal. It rose gradually to 102 F. and it
was 103 F. just before death.

Laboratory Findings.—Urine : No albumin, sugar or casts were ever found.
A few red blood cells were seen once.

Blood: February 17, the blood nitrogen measured 62.35. February 15,
there were 7,000 leukocytes. February 22, there were 10,700 leukocytes, the
differential count showing 76 per cent, polymorphonuclear leukocytes.

Lumbar Punctures: The first was made February 17. A small amount of
blood was seen in the first part. The remainder was clear. The Ross-Jones
test was positive. Fehling's test was negative. The cell count was 39 lympho¬
cytes, 1 polymorphonuclear leukocyte and possibly 1 red cell per c.mm.

The second lumbar puncture was made February 23. The fluid was clear
and contained 52 lymphocytes, 2 polymorphonuclear leukocytes per c.mm.
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Fehling's test was positive. Smears were made from centrifuged specimen and
stained for tubercle bacilli. These were negative and inoculation of the same
material to guinea-pigs gave no result.

The sputum was always negative.
The Wassermann tests on blood and spinal fluid were negative. Comple¬

ment fixation for tubercle bacilli was negative. The colloidal gold reaction
was in the luetic zone.

Clinical Diagnosis.
—

Arteriosclerosis, general ; meningitis (?) ; lethargic
encephalitis (?).

The necropsy was performed two days after death by Dr. Hans P. Andersen.
The brain was studied by him and myself. The body was kept in the morgue
at a temperature of 4 C. during the period between the time of death and the
necropsy.

Necropsy Report.—The body is that of a well nourished, muscular, male
negro. It weighs 56.5 kilos and measures 172 cm. in length. The skin shows
no [narks or discolorations. The body cavities are smooth, moist and glisten¬
ing. They contain no excess of fluid.

Heart: Weight, 400 gm. The valves measure as follows: Aortic, 9.5 cm.;
mitral, 11 cm.; pulmonary, 7.5 cm.; tricuspid, 13 cm. The muscular portion of
the wall of the left ventricle measures 15 mm.; the right, 4 mm. The myo¬
cardium shows no changes. There are many irregular yellow placques in the
intima of the aorta, along the bases of the mitral and aortic valves and in
the endocardium of a part of the left atrium. These placques are thicker and
more fibrous about the orifices of the coronary arteries. The heart otherwise
shows nothing of interest. Atheromatous changes are seen throughout the
whole course of the aorta. The aorta has little elasticity and the atheromatous
changes are most marked about the orifices of the branches and in its abdom¬
inal portion. The coronary arteries and many of the other branches of the
aorta also show changes of a similar character.

Lungs : They are free in the pleural cavities. Their surfaces are smooth.
Their upper lobes have a pink color while the more dependent portions are
colored a deep purple mottled by numerous bluish red subpleural hemorrhages.
On section the dependent portions have the same deep purple color while the
anterior portions of the upper lobes are bright red. These portions of the
upper lobes are air containing and they are tough and leathery while from
all other portions a bloody, frothy fluid can be expressed.

Spleen : Weight, 60 gm. and measures 10.5 by 6 by 2 cm. The capsule
has a slaty color. The organ is soft and flabby. On section, there is a marked
increase in connective tissue. The malpighian corpuscles are not prominent
and the pulp is increased.

Liver : Weight, 1,640 gm. and measures 32 by 17-.5 by 6 cm. It is long in
the transverse diameter but thin anterioposteriorly. The capsule is smooth,
thin and translucent and it transmits a dark brown color. On section, the
lobules are easily made out They appear slightly enlarged. Their centers
are deep red in color. Their peripheries have a grayish yellow appearance.

Pancreas : It shows nothing unusual, except that the walls of the splenic
artery and the pancreatic arteries are irregularly thickened.

Stomach : The mucosa is congested and in places, hypertrophie and mam-
millated.

Intestines : Show nothing of interest except the duodenum and upper part
of the jejunum. Here the mucosa appears swollen and it is deeply congested.
The mesentery contains a moderate amount of fat. The mesenteric lymph glands
are not enlarged. The retroperitoneal lymph glands are also not enlarged.

Suprarenals : Appear normal.
Kidneys : Weigh together 360 gm. They are equal in size, each measur¬

ing 11.5 by 6 by 3 cm. The cortices each measure 6 mm. The capsules are slightly
adherent in places to large, slightly sunken, scarred areas. On section, the
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medullae are found to be congested. The glomeruli are also easily seen as
small red pin point sized areas. The outer edges of the cortices of both kidneys
are slightly rounded. The striations of the cortices are straight except in the
scarred area. The gray columns appear thickened.

The ureters and bladder appear normal.
The prostate is enlarged, otherwise it shows nothing of interest. The

enlarged middle lobe causes no urethral obstruction.
Brain and Spinal Cord : The dura is adherent to the cranial bones above.

The meninges of both the cord and brain are deeply congested and there is
edema of the meninges of the cerebral cortex. There are also several small,

.

irregular, gray fibrous patches in the meninges of the cerebrum. The walls
of all the larger blood vessels are thickened and rigid. They also contain
numerous yellow and gray elevated placques which measure from one to several
mm. across. Between these placques the vessel walls have a slightly grayish
opacity.

The cut surfaces of the spinal cord and medulla are smooth. There is
no bulging out of the medullary substance. It is congested but not tensely
swollen.

The meninges covering the anterior surface of the pons and midbrain are
slightly cloudy. This is not striking but it is readily brought out by con¬
trasting them with a normal brain.

The brain and spinal cord are placed in liquor formaldehydi to be examined
in greater detail after fixation.

Microscopic Examination.—Heart : The striations are not clearly defined.
The fibers are granular and fragmented.

Lungs : Section 1. The atrial cavities are dilated. The blood vessels are
congested. The alveoli and atria contain a small amount of pink staining
granular material. Red cells are also seen in the alveoli along one side of
the section together with a few large pigment laden mononuclear cells. The
pigment in these cells has a brown color. The bronchial epithelium is in part
desquamated.

Section 2. The blood vessels are congested. Many of the alveoli are filled
with pink staining granular material. Others contain also many polymorpho¬
nuclear leukocytes and large mononuclear cells. The nuclei of the epithelial
lining cells are prominent.

Spleen : The artery walls are thickened and hyaline. The trabeculae are
thickened and fibrous. The malpighian corpuscles are numerous, small and
cellular. In places they are sharply demarcated from the pulp spaces. In
other places their boundaries are not so distinct. The endothelial nuclei of
the pulp spaces are numerous, and prominent. The pulp spaces contain a
few polymorphonuclear cells and many small mononuclear cells in excess.

Liver : The parenchymal cells are swollen and granular. The intima of
the smaller hepatic arteries is irregularly thickened and fibrous. The liver
capsule is slightly thickened and fibrous. There is no increase in the peri-
portal fibrous tissue or any cellular infiltration of the interstitial tissue or
capsule.

Pancreas : The parenchyma shows postmortem changes. The interlobular
connective tissue, although not noticeably increased, contains in places a few
lymphoid and p'olyblastic cells. The intima of a few of the arteries shows
nodular fibrous thickenings.

Suprarenals : The blood vessels appear normal. The medulla shows post¬
mortem changes.

Kidney: The intima of the larger and medium sized vessels is irregularly
thickened and fibrous. There are a few small atrophie scars in the cortex.
The capsules of a few of the glomeruli are thickened and in others there are
well formed fibrous crescents. Many of these are in the glomeruli which are
included in the scars mentioned .above. A number of these scars are infil¬
trated with small mononuclear cells and contain many atrophie tubules. In
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the cortex one also sees many small areas infiltrated with small mononuclear
cells. Completely obliterated arterioles are seen near a few of the scars.

In the normal appearing portion of the cortex a few of the glomeruli are very
large. The tubules show no hypertrophy. The cells lining the secreting tubules
are swollen and granular.

Further Study of the Brain and Spinal Cord.—After two and one-half weeks
in 10 per cent, liquor formaldehydi the brain was removed. A transverse sec¬
tion through the midbrain above the level of the third nerve separated the
cerebrum from the lower portions of the brain. Cross sections of the cerebrum,
1.5 cm. in thickness, were then made.

The brain was well fixed throughout and aside from the slight edema of
·the cortex, slight dilatation of the ventricles, the evident arteriosclerosis and

slight local atrophy of the gray matter of the cortex nothing unusual was
discernible.

Sections for microscopic study were taken from the various portions of
the cortex and the basal nuclei. Similar sections of the first and second nerves
were also made.

Transverse sect'ions were likewise made of the midbrain, pons, cerebellum,
the medulla and from various parts of the spinal cord. Blocks of tissue were
taken from all of these parts. They were carefully labeled, embedded, sec¬
tioned, and stained. Each cranial nerve was removed into a separate bottle
and was also sectioned and stained. All the sections were stained with
hematoxylin and eosin.

Section 1 is taken from the cortex of the frontal lobe : There are a few small
clumps of well preserved red cells in the subarachnoid space. Together with
these there are scattered and small clusters of small mononuclear cells. These
have the appearance of lymphocytes. There is no evidence of degeneration of
the nerve cells or fibers in the gray or white matter. The perivascular spaces
in the white matter are dilated and two contain a few small mononuclear
cells like those in the meninges. The infiltration of the perivascular spaces and
subarachnoid space is not marked, however, in this section. The blood vessels
are all congested.

Section 2 is from the edge of the lateral ventricle in the occipital lobe : The
perivascular spaces are distended. They contain fine pink staining granular
material and in places a few small mononuclear cells. One contains a few
polymorphonuclear leukocytes. About these perivascular spaces within the
brain substances are a few round uniformly blue staining bodies, so-called
myelin bodies. There is little evidence of proliferation of the endothelial lining
cells of the perivascular spaces in either of these sections. The endothelial cells
are flattened. Their nuclei are widely separated and vesicular.

Section 3 is through the velum interpositum : The nerve cells show little
change of interest. Along the edge of the ventricle there are a few blue
staining myelin bodies within the brain substance. The blood vessels are
congested. The perivascular spaces are distended. Many of these are empty
and there is no evidence of proliferation of their endothelial lining. A few,
however, contain a small amount of pink granular material and others a few
small mononuclear cells. Along the edge of the ventricle there are patches
of edema. These patches are thickened and appear as small hillocks along
the ventricle wall. The epithelial covering of the ventricle is absent over
these hillocks.

Section 4 is through the cortex of the temporal lobe so as to include the main
stem of the middle meningeal artery : There is marked fibrous and hyalin
thickening of the intima of one side of this vessel. This thickening partially
occludes the lumen. Under the pia mater and within the brain substance
there are large numbers of the blue staining myelin bodies. The perivascular
spaces are dilated and empty and there is no evidence of proliferation of the
endothelial cells lining them.
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Section 5 passes through the middle part of the ventricle and includes a
considerable portion of the wall on each side. Under the pia covering of a

part of the section there are many blue staining myelin bodies. The epi¬
thelium lining the ventricles is everywhere intact. The perivascular spaces
are only partially distended, but the larger number are filled with small mono¬
nuclear cells (Fig. 1). Those containing a few of these cells are seen to be
lined by a closely set row of low cuboidal shaped endothelial cells each of
which has a sharply staining spherical shaped vesicular nucleus. A few
of these endothelial cells are seen to be desquamating from this membrane
into the space. The cells in the perivascular spaces are small and look
very much like the endothelial cells proliferating along the wall of the
space. They have a small and distinct mass of pink staining cytoplasm. The
nucleus is vesicular and rich in chromatin. The brain substance of the whole
section is definitely edematous, and there are patches, where a few of the pink

Fig. 1.—Section of the midbrain showing perivascular infiltration (Case 1).

staining axis cylinders are seen to be fragmented and curled. The nerve sheaths
are filled with pink staining granular material. The nerve cells in many
places are shrunken. The cytoplasm of all of them is pink and granular.
Their nuclei are often irregular in shape and poorly defined from the cytoplasm
about them.

Section 6 is from the brain stem at the level of the midpart of the pons :
The perivascular spaces are everywhere distended. A few are empty. Others
are filled with small and medium sized mononuclear cells. Very definite pro¬
liferation of the endothelium lining many of these spaces is discernible. In
many places the nerve cells show degenerative changes like those in Section 5 ;
in other places they do not. Their nuclei stain sharply and they are vesicular.
The cytoplasm of all these cells appears to be slightly granular.

Section 7 is cut across the medulla. The changes are the same as those
seen in the pons but they are not so extensive nor clearly defined. The
process is apparently receding at this level.

Downloaded From: http://archinte.jamanetwork.com/ by a West Virginia University Library User  on 06/20/2015



Section 8 is a cross-section of the cervical cord. The subarachnoid space
contains a few lymphoid-like cells. The endothelial lining cells show little evi¬
dence of proliferation. Many of the perivascular spaces are distended slightly
and one or two in the anterior horn show endothelial hyperplasia and they
contain a few small mononuclear cells. The brain tissue is not definitely
edematous but the nerve cells show evidence of early degenerative changes
like those in the pons and medulla.

Section 9 is taken from the middle part of the thoracic part of the spinal
cord. Section 10 is from the lumbar region. Both these sections show slight
changes like those in the cervical region, but in none of the cord sections
are these alterations marked. On the other hand, a few myelin bodies are seen
in all of these sections, especially in the white matter. Sections of the larger
spinal arteries are not obtained. All of the penetrating vessels are congested.

Section 10 is a longitudinal section of the right ophthalmic nerve. The
section includes the bulb and the distal end of the nerve. There are many blue
staining myelin bodies along the periphery and in the mid-portion of the bulb
and nerve. These are arranged in groups and rows between the fibers. The
perivascular spaces are open but there are no evident inflammatory changes.

Section 11 is a longitudinal section of the left ophthalmic nerve. It pre¬
sents the same general appearance as the right.

Section 12 is a longitudinal section of both optic nerves, the chiasm and the
beginning of the optic tracts. Along the periphery of the section there are

large numbers of myelin bodies. These are very numerous in places and theii
presence in one part of the nerve is associated with slight dilatation of the
nerve sheaths. The perivascular spaces are open and in a few places theii
endothelial lining shows a definite increase in the number of cells. There are
also a few clusters of lymphoid cells in the subarachnoid space. Other evi¬
dences of inflammation are wanting in this section.

Section 13 is a longitudinal section of the right oculomotor nerve. The
section includes that portion of the nerve which lies within the cranial cavity.
There are very few myelin bodies which were so common in the other two
nerves described above. On the other hand there is a most striking infiltra¬
tion of small mononuclear cells. These cells occur in large numbers about
the larger blood vessels and in rows between the fibers in many places. There
is little evidence of edema, but the axis cylinders are swollen in many places.
Their outlines are sharp but irregular. The greatest amount of swelling in
the axis cylinders corresponds to the areas of greatest cellular infiltration
(Fig. 2).

Section 14 is a longitudinal section of the left oculomotor nerve and a
cross section of the midbrain at this level. The brain stem shows most
marked inflammatory changes. In many parts of the tegmentum the axis
cylinders cannot be made out. Their sheaths are filled with pink staining
granular material. The glia nuclei in all parts of the section stand out
prominently. There is also a diffuse infiltration of small mononuclear cells
in many places. The nerve cells are shrivelled in places, swollen in others.
Their cytoplasm is granular and stains a slightly bluish pink color. The
nuclei are shrivelled and often only half fill their original spaces in the cell.
Many have indistinctly stained boundaries and are filled'with bluish stain¬
ing granules which are made out clearly only with the high power of the
microscope. The perivascular spaces are distended and filled with small mono¬
nuclear and a few large clearer endotheliod cells. Their endothelial linings
show proliferative and desquamative changes. The nerve is everywhere infil¬
trated with small mononuclear cells. These, as in the other nerve, occur in
rows between the fibers and in clusters about the larger blood vessels. These
clusters more than fill the interstitial tissue. They push aside the neighboring
nerve fibers. No polymorphonuclear cells and very few myelin bodies are seen
in this section.
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The meninges about the nerve and brain stem contain large numbers of
small mononuclear cells, and they "are greatly distended in places by large
clusters of these cells. There is also evident proliferation of the endothelial
lining in a few places. This is not so marked, however, as in the perivascu¬
lar spaces.

Sections 15 and 16 are longitudinal sections of the right and left trochlear
nerves. They include those portions of the nerves which traverse the side
of the brain stem. There are no myelin bodies. The nerve shows the same
diffuse and patchy infiltration with small mononuclear cells as described in
the case of the oculomotor nerves. The axis cylinders are swollen and in
a few places are apparently fragmented. They have a pink color.

Section 17 is a cross section through the lower portion of the midbrain.
It is similar to that at the level of the emerging roots of the third nerve.

% Fig. 2.—Section of the right oculomotor nerve showing inflammatory changes
(Case 1).

Section 18 is a longitudinal section of the left trigeminal nerve. The
section includes also a cross section of the neighboring part of the pons. The
section is well stained. Along the periphery of the nerve there are many
blue staining myelin bodies, but the nerve fibers show little evidence of
swelling or degeneration and there is no cellular infiltration. Within the
pons the nerve cells show little change of interest. The perivascular spaces
about the veins are distended and contain a small amount of gelatinous pink
staining material. One contains a few small mononuclear cells and there is
evident proliferation of its endothelial lining. About this one there are also
a few lymphoid cells scattered in the tissue. The glia nuclei stain sharply
but do not appear increased. There is no cellular infiltration of the meninges
nor endothelial proliferation.
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Section 19 is a longitudinal section of the right trigeminal nerve. There
are a few myelin bodies scattered among the fibers near the periphery of the
nerve, but there is no evidence of inflammation or noticeable degeneration
of the fibers.

Section 20 is a longitudinal section of the right abducens nerve. The
endothelial cells lining the subarachnoid spaces appear in one place slightly
more numerous than normal. There are no myelin bodies or other noticeable
changes in this nerve.

Section 21 is a longitudinal section of the left abducens nerve. This section
shows nothing of interest.

Section 22 shows the nuclei of the abducens nerves. A block containing
these nuclei was cut from the fourth ventricle and sectioned transversely.
The epithelial lining of the ventricle is intact. There is no marked evidence
of edema of the tissue. All the perivascular spaces about the veins are dis¬
tended. Their endothelial lining cells are greatly increased and they are
filled with small mononuclear and a few large clear cells. Many of the
nerve cells in the nucleus of the sixth nerve are well formed and normal
appearing. Others are shrunken and have a deep bluish red granular cyto¬
plasm in which the nuclei are made out with difficulty.

Sections 23 and 24 are made from the right and left facial nerves. The
section includes the first 1 cm. of. these nerves. These nerves, like the sixth
nerves, show little of interest.

Section 25 is a longitudinal section of the left acustic nerve. It includes the
first centimeter of the nerve as it emerges from the brain. Along the periphery
of the nerve just beneath the pia mater and in places within it are a few blue
staining myelin bodies. No inflammatory changes are seen in this nerve. The
meninges are missing.

Section 26 is a similarly cut section of the right acustic nerve. The meninges
are missing and there are no large blood vessels seen in the section. Along
the periphery of the nerve and in places within it are numbers of myelin
bodies. There is also a diffuse infiltration of small mononuclear cells. These
occur in rows between the fibers. Definite changes cannot be made out in
the poorly defined axis cylinders.

Section 27 is made through the pons at this level. It shows more peri¬
vascular involvement on one side than on the other. Sections of the roots
of the glossopharyngeal nerves, vagus, accessory and hypoglossal nerves are
seen in the several cross-sections of the medulla. Myelin bodies are absent
in the roots of these nerves and none show any evident degeneration or
inflammation.

Anatomic Diagnosis.—Acute polioencephalitis and acute myelitis, associated
with wide spread inflammation of the meninges ; neuritis of both oculomotor
and trochlear nerves and the right acustic nerve ; arteriosclerosis, general ; local
atrophy of the brain and cord ; atrophy of the spleen ; chronic inflammatory
and arteriosclerotic nephritis; hypertrophy and dilatation of the heart; low,
grade prostatic hypertrophy; bronchopneumonia; cloudy swelling of the viscera;
acute congeston of the viscera which is most marked in the lower part of
the duodenum and the upper part of the jejunum.

Case 2.—A boy, aged 17 years, white, student at a school for boys in New
Hampshire, was admitted, Nov. 4, 1919, to the surgical ward, service of Dr.
Sachs, and immediately transferred to the medical ward into the service of
Dr. Schwab.

Family History.—The family history is negative.
Past History.—The past history is negative.
Present Illness.—Previous to Oct. 5, 1919, the patient seemingly had been

in perfect health. The first symptoms were vomiting and constipation. These
were followed after several days by fever which at one time reached 103° F.
At the time of this high fever and following it he noted difficulty in standing
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when his eyes were closed. He tended at such times to fall always to the
right. During this same time and for some time previous he also suffered
transient attacks of diplopia

On account of these symptoms he was taken to the Peter Bent Brigham
Hospital in Boston and admitted to the service of Dr. Harvey Cushing. A letter
from there states that on admission (the date of which is not given) he had a

subnormal temperature, nystagmus, hyperemia and edema of both optic disks,
general muscular weakness and slight muscular atrophy, most marked in the
lower extremities. Both Babinski's and Chaddock's reflexes were positive on
the left and possibly also on the right. The tendon-reflexes were brisk to exag¬
gerated throughout; particularly in the left lower extremity. His speech was
slurred and inarticulate. The nystagmus was marked when he looked to the
right, left and upward. His sense of position was very poor and there was
marked ataxia elicited with finger to nose, finger to finger and heel to shin tests.

Fig. 3.—Congested vein in the midbrain from Case 2. The hyperplasia of
the endothelial lining cells is shown along the wall of the vein and at the
edge of the space. Desquamating cells may also be seen at several places
along the peripheries of the space.

The leukocyte count was 16,000. The cerebrospinal fluid showed, however, only
five cells and all cultures of it remained sterile. About a week after admission
the patient began to complain of numbness and tingling sensations in his left
leg, particularly in the foot. Later these symptoms developed in the right leg
also. At this time the deep reflexes were not obtained at the ankle and they
were very inactive at the knee. Plantar stimulation gave no toe response on the
left and this response was questionable on the right. There was hyperesthesia
on the left side well up to the second intercostal space and a somewhat similar
condition on the right. The slight swelling of the optic disks still persisted. The
paralysis of the lower extremities had increased so that he was unable to dorso-
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flex the feet. The nerve trunks had become tender to pressure and Laseque phe¬
nomenon was quite marked in both lower extremities. This was the condi¬
tion at the time of his discharge from the hospital in Boston and just previous
to his admission here. The impression was that he was suffering from wide-,
spread polyneuritis with considerably more involvement of the cranial nerves
than is usual.

Physical Examination and Clinical Course.—November 5. Patient is conscious
and fully orientated. His chief complaint is tenderness in both legs and pain
in his throat. He moans frequently, complains of being sleepy and his eye¬
lids seem to drop and almost close at intervals. Breathing is shallow and
slow. There is no marked dyspnea. The left leg is completely paralyzed. The
right can be flexed at the knee but with difficulty. Slight pressure on the
peripheral nerve of both legs is painful. The patient's condition is such that
no further examination is deemed advisable just now. Tube feedings are
ordered.

5:30 p. m. (same day). The patient seems better and less anxious. The
left disk appears to be normal. The right is slightly hyperemic. The veins
are slightly tortuous. The edges are clearly seen. The picture suggests a

receding optic neuritis. There is bilateral insufficiency of the sixth nerves
which is more marked on the right side than on the left.

November 5. Dr. Dock examined the patient and noted that the heart and
lungs are negative and that the thyroid is slightly enlarged.

November 7. Plantar irritation causes plantar extension in the right foot
but no toe movements in the left. Later in the day a positive Babinski is seen

in both right and left feet. The knee kicks are absent. The abdominal reflexes
are also absent.

November 9. The patient is not as bright as usual. He remains alert for
only a very short time. He realizes that he has lethargic attacks and says
that he is not sleepy in the ordinary sense of the term but he just falls off.
The pupils are widely dilated. The speech is nasal, slurring and indistinct.
There is tenderness along the nerve trunks in the legs and slight tenderness
over the muscles.

November 12. The pulse is rapid. Analgesia, is noted up as high as the

,

fourth dorsal segment. The arms are free. Both disks are hazy, the right
more than the left. There is a systolic murmur at the apex of the heart.
There is slight delirium and the lethargy is marked. Spontaneous vomiting
occurs during the day.

November 18. The patient is intolerant of the feeding mixture. The pulse
is poor. From this time on the patient became progressively weaker and weaker.

Jan. 5, 1920. Death occurs at 6:47 a. m.

The temperature during no time of the patient's stay in the hospital went
over 101 F. until the last three days, when it began to ascend and reached a

height of 108.5 F. at the time of death. The pulse at all times went up and
down with the temperature.

Laboratory Findings.—Urine was examined frequently. Its specific gravity
varied between 1.013 and 1.026. There was never any sugar but traces of
albumin were present at times.

The blood counts were as follows: Nov. 7, 1919, leukocytes, 12,200; Novem¬
ber 16, leukocytes, 8,600; December 30, leukocytes, 19,400.

The spinal fluid was taken Nov. 14, 1919. There were six lymphocytes per
c.mm. The pressure was normal. The Pandy test was positive. The Wasser¬
mann was negative. Smears, cultures and animal inoculations yielded nothing.
The colloidal gold test was 5554320000. The Wassermann test of the blood was

negative. Cultures of the blood taken Dec. 30, 1919, and Jan. 4, 1920, were
sterile.

The electrocardiogram suggested a left ventricular preponderance with a

vertical heart.
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Stereoscopie roentgenograms of the skull taken Dec. 2, 1919, showed nothing
unusual.

Clinical Diagnosis.—Lethargic encephalitis, associated with a general poly-
neuritis.

The necropsy was performed Jan. 5, 1920, at 8: 30 p. m. or about two
hours after death.

Necropsy Findings.—The body is that of a poorly nourished boy. It mea¬
sures 175 cm. in length and weighs 36 kg. The pupils are equal; openings
measure 4 mm. in diameter. There is a hemorrhage into the sclera of the
right eye near the inner canthus. The skin has a pale color. The lips are
pale. The teeth are in good condition and they are slightly prominent. The
hair is thin. There is a needle prick near the midline of the back and just
above the level of the third lumbar spine. The external genitalia appear
normal. The body is warm.

There is very little subcutaneous fat. The trunk is long. Both lungs col¬
lapse when the chest is opened. The pleural cavities are everywhere smooth
and dry. The thymus is small and firm. Small islands of parenchyma are
plainly visible in the fibrous tissue of which it is largely composed.

The heart weighs 210 gm. and is filled with fluid blood. Aside from a few
fatty placques in the aorta and slight dilatation of both the mitral and tri-
cuspid rings, little of interest is noted. The heart was saved intact and was
given to the "heart station" for special study.

Lungs : The left lung weighs 185 gm. ; the right weighs 435 gm. The left
lung is doughy in consistency. The lower lobe is slightly injected. The cut
surface is everywhere dry, and the alveoli are partially collapsed. The upper
lobe of the right lung has the same appearance as that of the left while the
more dependent portions of the middle and all of the lower lobe are firm
and soggy in consistency and their cut surfaces are moist. Frothy fluid flows
from the bronchi and alveoli and it is studded with numbers of small bluish
red granular raised patches. The dependent portions of the middle lobe have
the same appearance as that of the lower lobe excepting that the consolidated
areas are smaller and not so numerous. The peribronchial glands are slightly
enlarged, deeply pigmented, and one of them on the right side contains a small

.

fibrous scar.
Spleen : Weighs 180 gm. and measures 14.5 by 7 by 3.2 cm. The capsule

is everywhere smooth, thin and translucent except for a few tiny fibrous tags
near its upper pole. The organ is firm and slightly rubbery in consistency,
and its cut surface has a deep bluish red color. Blood flows from this sur¬
face. The larger arteries can be made out easily. Their walls do not appear
to be thickened. The malpighian corpuscles are not seen in the artificial light.

Liver : Weighs 1,380 gm. and measures 30 by 21 by 6.5 cm. The capsule
is everywhere smooth, thin and translucent. Through it the deeply congested
centers of the lobules are easily seen. These lobules stand out clearly on the
cut surface. Their centers are deeply congested and appear slightly sunken
below the grayish brown boiled appearing peripheries.

The gallbladder contains a small amount of viscid greenish black bile. Its
walls are thin and delicate.

Stomach : The pylorus and antrum are firmly contracted. The fundus con¬
tains about 200 c.c. of a black colored fluid which contains a few small blood
clots. The mucous membrane is well preserved.

Duod.enum : It contains bile stained fecal matter. The mucous membrane
is congested throughout and there are numerous small hemorrhages into it.
Bile can be made to flow readily from the papilla of Vater.

Pancreas : Appears normal in form and consistency, but it is small. It
weighs 50 gm. Little or no fat surrounds it.

Suprarenals : Are elongated in the vertical direction. The cortices have a
grayish yellow color. The medullaè are narrow and congested.
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Kidney: The right weighs 110 gm. and measures 10.2 by 6 by 3 cm. The
left weighs 120 gm. and measures 10.5 by 5.7 by 3.75 cm. The capsules strip
easily. There is slight evidence of fetal lobulation. The stellate veins are

congested. The cortices have a grayish red color. On section, the medullae
are found to be congested. The interlobular vessels of the cortices are con¬

gested which makes the gray columns stand out prominently. The striations
are straight. The glomeruli are seen as both tiny gray and red pinpoint size
dots. The cortices each measure 6 mm. in thickness. The right ureter and the
bladder are slightly dilated. No evidence of obstruction is made out, how¬
ever. The prostate and seminal vesicles appear normal. The rectum appears
normal.

Intestines : The mucous membrane is well preserved 'everywhere, except'
that of the duodenum. The Peyer's patches and solitary follicles are not
enlarged. The mesentery is almost free from fat. The lymph glands in it
are slightly enlarged. The retroperitoneal glands' appear normal.

Aorta: The intima is smooth. It is elastic.
Brain: (See below.)
The neck organs, spinal cord and peripheral nerves are not removed.
Microscopic Examination.—Lungs: Sections from the lower right lobe of

the right lung show the smaller bronchi filled with pus and surrounded by
an area of distended and pus filled alveoli. Skirting these foci and isolated in
other parts of the section there are groups of alveoli filled with well preserved
red cells. The blood vessels are congested and all of the otherwise empty
alveoli contain a few polymorphonuclear, large mononuclear and red cells.
Sections from other lobes show nothing of interest.

Spleen : The malpighian corpuscles are small, uniformly cellular and
sharply circumscribed from the greatly congested pulp sinuses. The endo¬
thelial cells lining the pulp spaces appear to be increased. The nuclei are

spherical in shape, vesicular and they stain sharply. Within the pulp spaces
there is a noticeable but slight increase in the number of polymorphonuclear
and small mononuclear cells.

Liver : The parenchymatous cells are swollen and granular and those in
the centers of the lobules contain many small vacuoles.

Pancreas : Sections from head, body and tail show nothing unusual.
Kidney : The cells lining the secreting tubules are irregularly swollen and

granular.
Duodenum : The solitary follicles appear slightly enlarged and they are

uniformly cellular. The mucosa is densely infiltrated with polygonal shaped
cells and the outer ends of the villae are congested and hemorrhagic.

Stomach: Shows nothing of interest.
Mesenteric Lymph Nodes : The sinuses are slightly distended and empty.

There is no evident hyperplasia of the parenchyma.
Urethra : There is a scattering of lymphoid-like cells in the prostatic

urethra near the bladder orifice.
Brain : The whole of the cerebral cortex is edematous, and the subdural

space contains about 75 c.c. of what appears to be a slightly turbid fluid. Blood
has escaped into this from the cut vessels of the dura. Smears of this fluid
show no increase in cells other than those of the blood. The blood vessels
of the brain are slightly congested and there is definite clouding of the pia
arachnoid along the fissures of the superior portions of the cortex.

Spinal Cord of the Cervical Region : A small part is removed from the
canal. There is no bulging of the cord substance at the point of section. The
whole cord is congested. The boundaries between the gray and white matter
can be seen readily.

The brain and cord are placed in liquor formaldehydi.
After three weeks' fixation the brain is sectioned. The midbrain is cut

through and the pons, medulla and cerebellum removed. The cerebrum is
•cut into cross sections of 1 cm. in thickness and pieces are taken from various
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regions for microscopical study. Similar sections are made from various
parts of the brain stem and the cerebellum. The cranial nerves are also
removed, marked, sectioned and stained. The sections are stained with
hematoxylin and eosin.

Microscopic Study of Sections of the Brain and Cord : Section 1 is a

longitudinal section of the bulb and a portion of the right ophthalmic nerve.
There is definite edema of the bulb along one side with a deposit of pink
staining granular material between the fibers. The meningeal vessels are
congested but there is no cellular infiltration of the meninges in this region.
The penetrating vessels are also congested but there is no distention or
infiltration of their perivascular spaces. The endothelial lining of these spaces
shows no evidence of proliferation.

Section 2 is a similar section of the bulb and a part of the left ophthalmic
nerve. The section shows nothing of interest aside from the congestion of
the meningeal and larger penetrating vessels. This congestion is largely
restricted to the veins.

Section 3 is a frontal section of both optic nerves and the optic chiasm.
The larger blood vessels are congested and all the perivascular spaces are
distended. The endothelial cells lining these spaces show marked prolifera¬
tion and many of the spaces are filled with small mononuclear cells.

The subarachnoid space covering the nerve is distended and contains many
small mononuclear cells. The nerve tissue immediately beneath the meninges
appears edematous.

Section 4 is a longitudinal section of the right oculomotor nerve for a
distance of 1.5 cm. outward from the brain. The section is longitudinally
cut. The perivascular spaces of the larger blood vessels are filled with small
mononuclear cells. Similar cells are also seen in many parts of the section
between the nerve fibers. The axis cylinders are seen in many places. A
feyv appear swollen but none are degenerated. The nuclei of the Schwann
sheath cells appear large and more prominent than normal. The subarachnoid
space is distended and contains many small mononuclear cells.

Section 5 is a longitudinally cut section of the left oculomotor nerve. This
nerve shows the same changes as the other except that the infiltration is
more marked under the meningeal covering than on the right side. The
meninges are present in this section.

Section 6 is a longitudinal section of the right trochlear nerve. This nerve
is densely infiltrated everywhere with small mononuclear cells. Large num¬
bers of these cells are lined in rows between the fibers and they occur in
clusters about the larger blood vessels.

The subarachnoid about the nerve is distended and filled with small mono¬

nuclear cells. There are also several larger bodies in this space and attached
to its walls. These bodies are covered with well formed endothelial-like
cells and are composed within of concentric rings. The whole body may
stain pink or have a pinkish blue color. A few have a circular or irregular
blue staining central mass. These bodies look like the endothelial pearls so
common in endothelioma of this region. Aside from these changes the sub¬
arachnoid space shows no changes. There is no evidence of proliferation of
the cells lining it.

Section 7 is a longitudinally cut section of the left trochlear nerve. This
nerve shows the same perivascular changes as the one of the other side but
there are very few cells scattered between the fibers. On the other hand, many
of the axis cylinders of this nerve cannot be seen. Many of the nerve sheaths
contain pink staining granular material. This is also seen between many of
the fibers. The meninges are not present, except for one small tag. This
tag contains many small mononuclear cells.

Section 8 is a cross section of the pons at the level of the trigeminal nerve.
The subarachnoid space is everywhere distended and contains many small
mononuclear cells and masses of pink staining granular material. The endo-
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thelial lining of this space appears normal. There is no evident proliferation.
The blood vessels are greatly distended with blood and their walls contain
large numbers of small mononuclear cells. There are no definite hemorrhages
but here and there well preserved and shadows of red cells can be seen scat¬
tered in the open space. This space also contains a few large clear endothelial-
like cells.

Throughout the tegmentum and pons proper the blood vessels are congested.
Many of the perivascular spaces are filled with well preserved red blood cells
which extend also out into the brain tissue in many places. Others of the peri¬
vascular spaces show simply proliferative changes of their endothelial lining
cells, while others are distended with large numbers of small mononuclear
cells. The proliferative changes are manifested by a great increase in the
nuclei of lining cells. These cells are small and cuboidal in shape. In many
of these spaces cells may be seen to be desquamating into the space from the
lining membrane. All of the cells in the spaces have the same appearance as
those budding out from the lining.

The brain substance shows various changes. In places it appears normal.
In other places it is more open and there is a deposit of pink staining granular
material between the fibers. There are also places in the tegmentum where
the glia nuclei appear increased and small mononuclear cells are seen scat¬
tered in the tissue along the capillaries and smaller blood vessels.

On the other hand, the nerve cells in this section show no marked degen¬
erative changes. In a few areas they appear more granular, their nuclear
outlines are not so sharp and a few appear slightly smaller than normal.
There is no neuronophagia.

Section 9 is. a longitudinal section of the right abducens nerve. The men¬
inges have been torn away. Within the nerve small mononuclear cells are
seen in numbers between the fibers.

Section 10 is a longitudinal section of the first centimeter of the left
abducens nerve. The meninges are missing. The nerve shows nothing of
interest.

Section 11 is a longitudinal section of the first 1.5 cm. of the right facial
nerve. Small mononuclear cells are seen clustered about the larger blood
vessels and in places between the fibers. Along one edge of the nerve there
is a pink staining granular deposit within a few of the nerve sheaths and
between the nerve fibers. The subarachnoid space is distended and contains
a scattering of small mononuclear cells. The blood vessels are congested.

Section 12 is a longitudinal section of the first centimeter of the left facial
nerve. The subarachnoid space is distended and it contains a scattering of
small mononuclear cells. The nerve proper shows no changes except for the
presence of a few small mononuclear cells among the more peripherally placed
fibers.

Section 13 is a longitudinal section of the first centimeter of the right
acustic nerve. This nerve shows an extensive perivascular and diffuse infiltra¬
tion of small mononuclear cells. Otherwise it shows little of interest.

Section 14. A similar picture is seen in this section, a longitudinally cut
section of the first centimeter of the left acustic nerve.

Section 15 is a cross section of the medulla at the level of the hypogastric
and glossopharyngeal nerves. The whole brain stem at this level appears
slightly edematous. The blood vessels are congested. The perivascular spaces
are distended. Those about the arteries are in part empty. Others contain
a small amount of pink staining granular material. The endothelial lining
cells of these spaces about the arteries are not increased in number. This is
not true, however, for the veins. The endothelial cells lining the perivascular
spaces are increased. Many of the spaces are filled with small mononuclear
cells. The subarachnoid space is distended slightly. The blood vessels are
congested and the space contains a scattering of small mononuclear cells.
These are seen in the pia covering the roots of both the glossopharyngeal and
hypoglossal nerves, but the nerves themselves show nothing unusual.
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Within the brain the most pronounced changes are seen about the larger
veins in the raphé, in the formatio reticularis and in the dorsal nuclei. Through^
out the whole of the section the nerve cells show changes. These consist of
shrinking in the size of the cells and a decrease in staining properties of
the nuclei. The cytoplasm is granular and the "nuclear cytoplasmic boundaries
are not sharply defined.

Section 16 is a cross section of the medulla at the level of the hypoglossal
and the vagus nerves. The alterations in this section are similar to those
in Section 15, excepting that the perivascular infiltration is more marked.
Endothelial proliferation and cellular infiltration is seen also in the peri¬
vascular spaces about the larger arteries. The nerve roots are uninvolved
and there is no striking evidences of degeneration. The nuclei of the Schwann
sheath cells of a few appear prominent.

Section 17 is a cross section of the upper end of the cervical cord. The
changes in this section are like those in the medulla. The.meningeal changes
are most marked on the anterior surface and in the anterior central fissure.
The perivascular changes are also more pronounced about the vessels pene¬
trating in this region. The nerve roots as above are not definitely involved
and there is no striking evidence of degeneration of the nerve cells in any
part of the section.

Section 18 is made through the cortex of the frontal lobe. The subarachnoid
space is slightly distended and contains a few small mononuclear cells. The
outer edge of the gray matter is slightly edematous. There are no marked
perivascular changes, however, of any kind. The blood vessels are congested.

Section 19 is made from the postparietal region of the cortex. The changes
in this section are similar to those in Section 18.

Section 20 is a section through the corpus callosum. Aside from con¬

gestion of the blood vessels nothing of interest is seen.
Section 21 is made through the middle of the optic thalamus and the wall

of the fourth ventricle of the right side. The epithelial lining of the ven¬
tricle is intact. The tissue beneath it is edematous and the capillaries are

congested. Throughout the whole section the perivascular spaces about both
the veins and the arteries are distended. All of these vessels are congested.
There is no proliferation of the endothelial lining of the spaces about the
arteries. These spaces are in part empty. Others contain small amounts of
pink staining granular material. The perivascular spaces about the veins
show marked changes. They are lined by cuboidal endothelial cells which are
being desquamated in part into the space. The spaces are filled with small
mononuclear cells. The brain tissue about each of these spaces is edematous.
The nerve cells in this region show, however, little of interest except that
their cytoplasm is slightly more granular than normal.

Section 22 is made through the thalamus, internal capsule and lenticular
nucleus of the opposite side at the same level as the preceding section. The
changes in the thalamus are similar to those of the opposite side. The most
intense changes in this section are located in the internal capsule. The
whole tissue is edematous. All of the perivascular spaces are greatly dis¬
tended and filled with cells. Their endothelial lining cells show marked pro¬
liferation. The glia nuclei stand out sharply in the section and appear increased
and the tissue about many of the perivascular spaces is infiltrated with small
mononuclear cells. Many of the axis cylinders, however, can be seen to be
definitely intact. Similar changes are seen along the neighboring edges of
the lenticular nucleus. The greater part of this nucleus, however, shows no

changes aside from congestion of its blood vessels.
Section 23 is through the septum pellucidum including the corpus callosum,

the convolutions at the bottom of the median longitudinal fissure and a part
of the wall of the third and both lateral ventricles. The tissue beneath the
floor of the ventricles shows diffuse and focal areas of edema A few of the
perivascular spaces in the white matter are distended. Their endothelial
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lining cells are increased and they contain a few small mononuclear cells.
. Section 24 is a cross section of the brain stem at the level of the sub¬
stantia nigra. The changes in this section are like those in the pons below
and in the internal capsule above. The perivascular spaces are distended
and lined by closely set cuboidal cells. These are filled with small mono¬

nuclear cells (Fig. 3). The tissue throughout the whole section is edematous.
This is most marked about the larger blood vessels and in this region there
are also a few scattered small mononuclear cells. The meninges are also
infiltrated with many small mononuclear and a few larger endothelioid cells.
The blood vessels everywhere are congested and in places within the teg¬
mentum there is a deposit of pink staining granular material between the
nerve fibers. The changes in the nerve cells are not in any place of an
extreme degree. In places they are of normal size but stain palely. In other
places they are slightly shrunken ; their cytoplasm is granular, and their
nuclei stain poorly. About the aqueduct of Sylvius they are normal in size,
stain sharply and are filled with brown pigmented granules.

Section 25 is similar to Section 24, but is taken at a slightly lower level.
The changes are also similar to those of the preceding section, except that
a number of endothelial pearls are attached to the wall of the subarachnoid
space. These are like those seen in the meninges enclosing the right trochlear
nerve, Section 6.

Sections 26 and 27 are sections of the upper and middle portions of the
pons. These sections show changes similar to those seen in Sections 24 and 25.

Section 28 is from the dentate nucleus of the cerebellum. A few of the
perivascular spaces are distended. Their endothelial lining cells are increased.
There is no evident edema and no marked evidence of cellular or fibrillar
degeneration.

Section 29 is through the optic tract and the posterior commissure. A
few of the periportal spaces show proliferation of their endothelial lining
and a few of these contain a number of small mononuclear cells. The sub¬
arachnoid space is distended and contains a scattering of small mononuclear
and red cells.

Anatomic Diagnosis.—Acute polioencephalitis and acute myelitis, associated
with a localized and widespread inflammation of the meninges ; neuritis of the
optic, oculomotor, trochlear, trigeminal, abducens, facial and acustic nerves ;
acute and chronic passive congestion of the viscera ; acute cerebral edema ;
acute congestion and hemorrhage into the mucosa of the duodenum ; hemor¬
rhage into the conjunctiva of the right eye; emaciation; acute localized unilat¬
eral bronchopneumonia ; acute splenic tumor; cloudy swelling of the viscera;
fatty changes in the liver ; healed fibrous scar, right peribronchial lymph gland ;
chronic prostatic urethritis.

Case 3.—H. H. D., male, white, druggist, aged 24 years, was admitted Dec.
13, 1919, from an ambulance to the service of Dr. Schwab.

Present Illness.—He has been sick since Monday, December 8, and his first
symptoms were inability to see plainly and he had to puzzle over things he
said. His temperature, he thinks, began to rise Tuesday morning. Tuesday
night it was 101 F. With the temperature he began to feel drowsy. He gives
no history of having had influenza or anything like it. His family and past
history are entirely negative. Previous to this time he has always been healthy.

Since the beginning of his present illness he has continued to work in the
store until this morning. Since Tuesday he has had fever and headache and
since yesterday he has had transient attacks of diplopia. His appetite is fair.
There has been no nausea or vomiting.

Physical Examination.—The patient is a young man. He lies quietly in
bed. .The face is masklike and expressionless. The skin is hot and dry. He
answers questions promptly and relevantly, but is slightly disorientated. He
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thinks he is in the Dix Hospital and that the day is Monday. The scalp is
clean. There is beginning temporal baldness. The hair is light brown in color.

Eyes: The pupils show nothing unusual. They react poorly to light. This
is more noticeable in the right than in the left eye. There is marked weakness,
especially of the left eye, to external rotation. There is no diplopia at the
present time There is marked weakness of conveyance and the accommodation
reactions are poor. On looking either to the right or left, there is nystagmus
to that side. On looking upward the nystagmus is either vertical or rotary.

Ears and Nose : Negative. Hearing is not tested.
Mouth : The breath is foul, otherwise the mouth shows nothing of interest.

There is a questionable right facial weakness. The tongue protrudes in the
midline.

Neck: There are a few palpable glands (also in the axilla and groin). The
thyroid is moderately and generally enlarged.

Heart, lungs and abdomen appear to be normal. The respirations are 26.
Pulse is 82. Temperature is 101 F.

The arms and legs have normal strength. There is slight tremor of the
extended hands. Biceps and triceps jerks are present and equal. Knee jerks
are present, equal and increased. There are no sphincter disturbances and no

rigidity of the neck. There are no Kernig and no pathologic toe signs.
Fundi : The disks are hyperemic and elevated, especially the left: Their

margins are obliterated.
Clinical Course.—Dec. 14, 1919:· The patient is slightly more delirious than

yesterday. There is slight ptosis of the right eye.
December 15 : There is slight spasticity of both arms. All the tendon

jerks are increased. There are bilateral pseudoptosis and weakness of the
sixth and seventh nerves and evident hallucinations. A lumbar puncture
is made.

December 16: A second lumbar puncture is made. Patient appears much
worse. There is marked delirium. Arsphenamin, 0.3 gm., is given intravenously.
There is no reaction.

December 19: The patient is again worse. Divergent strabismus is present.
Examination by the otologie clinic shows bilateral chronic otitis media. The
respirations are increased and bubbling râles are heard over the right back.
The pulse is 120. Patient is in deep stupor. He dies with respiratory failure
at 9: 58 a. m.

The blood pressures throughout his illness were as follows : December 13,
118/87; December 14, 127/92; December 15, 155/105; December 16, 172/112;
December 17, 185/125; December 18, 165/90.

Stereoscopic roentgenograms of the skull showed nothing unusual.
Laboratory Findings.—The urine never showed anything unusual. Blood :

erythrocytes, 6,500,000 ; hemoglobin, 85 per cent. Leukocytes : December 13,
8,000; December 14, 12,000; December 15, 14,000; December 16, 20,000; Decem¬
ber 17, 24,000; December 18, 20,000. The differential count showed from 60
to 89 per cent, polymorphonuclear cells. Blood cultures on three occasions
were always sterile. Blood Wassermann was negative.

Spinal Fluid: December 15: Clear and under normal pressure. Pandy
is markedly positive. The gold curve is 0122100000. The cell count is 0.
Wassermann test is negative.

December 16 : It is straw colored and hemorrhagic and under normal
pressure. There are 4,000 red blood cells and 28 leukocytes per c.mm. The
Pandy test is markedly positive. The gold curve made with centrifuged fluid
is 0012100000. The Wassermann test is negative.

The electrocardiogram was normal with a rate of 120.
The temperature ranged between 101 and 102 F. ; pulse, between 100 and

115; respirations, between 26 and 32.
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Clinical Diagnosis.—Acute lethargic encephalitis ; partial paralysis of the
third, sixth and seventh nerves ; nystagmus ; optic neuritis, bilateral ; otitis
media, chronic and bilateral ; terminal bronchopneumonia.

The necropsy was performed by Dr. Walsh, one and one-half hours after
death. Permission was granted for an examination of the head only. The
brain was examined by myself.

Necropsy Findings.
—

The calvarium appears to be normal. There is a

slight excess of fluid in the subdural space. The brain is deeply congested
everywhere, but there is only a small amount of edema of the cerebral cortex.
There are, on the other hand, evidences of small fresh hemorrhages into the
subarachnoid space of the cerebrum. These are located along the larger veins
and give a fuzziness to the outlines of these vessels.

Fig. 4.—Section of the -substantia nigra, Case 3. showing diffuse and focal
infiltration with small mononuclear cells. A polymorphonuclear leukocyte is
seen in the focal lesion on the left side of the picture.

The brain is .removed to liquor formaldehydi to be examined later. The
hypophysis appears to be normal. Aside from congestion the cerebral blood
sinuses appear normal. The optic disks are slightly but definitely swollen
and congested.

Formaldehyd Fixed Brain : The veins of the cerebrum are greatly con¬

gested. Many show the same fuzziness of outline as was noted in the freshly
removed brain. The meninges in the depth of the fissures are cloudy. The
brain stem has been cut across at a point just below the level of the olive.
There is no bulging of the brain substance at this point of section. It is con¬

gested, however, but the outlines of the gray and white matter are distinct.
The brain is sectioned in a manner similar to that used for the study of the
other cases.
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The penetrating vessels are everywhere congested. This congestion is most
marked about the slightly dilated ventricles. The ventricle lining otherwise
appears smooth. The choroid vessels aside from congestion appear normal.
The congestion is brought out well in the blocks of the tissue removed to
80 per cent, alcohol. The gray matter of the thalamus, midbrain, pons and
medulla appear als'o slightly more granular than normal.

Microscopic Examination of Sections.—Sections 1 and 2 are longitudinally
cut sections of the right and left ophthalmic nerves. The bulb is not included.
These sections aside from congestion of the blood vessels show nothing unusual.

Section 3 is a longitudinal section of both optic nerves and the chiasm.
The subarachnoid space is distended and contains a scattering of small mono¬
nuclear and a few larger endothelial cells. The blood vessels in all parts of
the section are congested. The tissue immediately beneath the pia mater is
edematous. Many of the perivascular spaces throughout both nerves and the
chiasm are filled with small mononuclear cells. This tissue about this space
is edematous and also contains a few small mononuclear cells scattered in
it between the nerve fibers. The endothelial cells lining the spaces are increased.

Section 4 is a longitudinal section of the first centimeter of the right oculo¬
motor nerve. There are a few lymphoid cells scattered in the meninges and
about one of the vessels in the nerve.

Section 5 is a longitudinal section of the first centimeter of the left oculo¬
motor nerve. This nerve shows changes similar to that of the other.

Section 6 is a longitudinal section of the right trochlear nerve. No changes
of interest are seen in this section.

Section 7 is a longitudinal section of the left trochlear nerve. In one

place there are a few small mononuclear cells scattered between the fibers.
Sections 8 and 9 are longitudinal sections of the right and left trigeminal

nerves. In small areas of both nerves there are a few small mononuclear
cells scattered between the fibers and about the larger blood vessels. Other¬
wise these nerves show nothing of interest.

Sections 10 and 11 are longitudinal sections of the two abducens nerves.
The nerves appear normal.

Sections 12, 13, 14, 15 and 16 are longitudinal sections of the seventh and
eighth nerves. There a few small mononuclear cells clustered about a blood
vessel in the sections of both the right and left acustic nerves. No marked
changes are seen in either of the facial nerves. The nerve roots of the glosso¬
pharyngeal, vagus and hypoglossal nerves are seen in sections of the medulla.
They show nothing of interest excepting congestion of their blood vessels.

Section 17 is made through the posterior parietal region of the cortex. The
subarachnoid space contains a few small mononuclear cells. The blood ves¬
sels of the meninges and brain are congested. The endothelial cells lining one
of these spaces are increased.

Section 18 is a section through the left occipital lobe. It extends from the
cortex to the ventricle. The vessels of the brain and meninges are congested
and there are several small hemorrhages into the meninges. The tissue in
the wall of the ventricle is edematous. In places it is thrown up into small
hillocks which project into that cavity. The epithelial lining of the ventricle
is missing over these hillocks. The perivascular spaces of the blood vessels
are distended but empty. The endothelial cells lining these spaces show no

change. The subarachnoid space is distended and filled with pink staining
granular material and a few scattered small mononuclear cells.

Section 19 is through the middle part of the thalamus and the wall of
the fourth ventricle. The whole of the thalamus is edematous and there is
a deposit of pink staining granular material in the tissue meshwork. There is
marked proliferation of the perivascular endothelium of the veins and these
perivascular spaces are filled with cells. The capillaries are congested and
there is a diffuse infiltration and in places, small clusters of mononuclear cells
in the tissue. The cells in these small clusters lie in the meshes of the
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tissue which shows no evident necrosis. The glia nuclei throughout the sec¬
tion are prominent and in places appear slightly increased in number. Most
of the nerve cells are shriveled and have an open space about them. Mono¬
nuclear cells have invaded many of these spaces. The nuclei of these nerve
cells is not clearly defined and they stain poorly. In a few they have shrivelled
and become picnotic and there is an open space in the cytoplasm along the side
of a number of this latter type. The cytoplasm is densely granular. There is
no evident neurofibrillar structure.

Section 20 is through the septum pellucidum and cortex of the brain at
the bottom of the median· longitudinal fissure. The blood vessels are con¬
gested. The subarachnoid space of the meninges is dilated and it contains
large numbers of small mononuclear cells.

Section 21 is a section through the thalamus, internal capsule and lenticu¬
lar nucleus on the side opposite from that which Section 20 is taken and at a
higher level. The blood vessels are congested. The perivascular spaces are
dilated and empty. There is no hyperplasia of their endothelial lining cells.

Section 22 is of the cerebral cortex at the same level as Section 21. The
meningeal blood vessels and brain vessels are congested. The subarachnoid
space is dilated and contains a small amount of pink staining granular mate¬
rial and a few small mononuclear cells. The perivascular spaces are dilated
and empty.

Section 23 is a cross section through the midbrain at the level of the
substantia nigra. The changes are localized to the tegmentum. There are no
perivascular or other evidences of change in the cerebellar peduncles. In the
tegmentum the perivascular spaces are dilated. There is marked prolifera¬
tion of their perivascular endothelium and they are filled with cells. The
brain tissue about these spaces is edematous and in many instances it is
also being invaded by small mononuclear cells. In places in the substantia
nigra mononuclear cells are found and there are several small clusters of
these cells lying in open spaces in the tissue. The nervous tissue in these
areas is undergoing necrosis ; here and there a few polymorphonuclear leukocytes
are scattered in them (Fig. 4). The nerve cells in most parts of the section
show no changes except that a few appear granular and slightly shrivelled.
The aqueduct of Sylvius is slightly dilated and it contains a small amount
of pink staining granular material. The epithelial lining is everywhere intact.

Section 24 is through the middle of the pons. The perivascular spaces in
all parts of the section are distended. Those about the veins are filled with
cells and their endothelial lining shows marked proliferation. The greater part
of the tissue of the tegmentum appears edematous and there are areas in the
tegmentum diffusely infiltrated with small mononuclear cells. The nuclei of
the pons proper show little change while in the tegmentum all of the nerve
cells show evidences of degeneration. They are shriveled. Their cytoplasm
is granular. Their nuclei are either shriveled or they stain palely. In the
motor nucleus of the fifth nerve on one side the cells are shriveled and small
mononuclear cells are found in the open space about many of them. The
glia nuclei are apparently not increased.

Section 25 is through the lower end of the pons and the nucleus of the
abducens nerve. The changes in this section are similar but not so advanced
as in the other. Besides moderate perivascular changes there are many tiny
hemorrhages into the tissue and into a few of the perivascular spaces of
the tegmentum. These are especially noted in the more dorsal part and in
the median raphé. The nerve cell changes are not conspicuous. The nerve
cells of the abducens and facial nuclei are not shriveled but their cytoplasm
appears granular and there are a few capillary hemorrhages in one of the
nuclei of this nerve.

Section 26 is a section through the cerebellar cortex. The Purkinje cells
appear granular and their nuclear cytoplasmic boundaries are not distinct.
The meninges show no changes.
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Section 27 is another section through the cerebellar cortex. The Purkinje
cells appear normal. There are a few mononuclear cells in an otherwise
partially closed subarachnoid space.

Section 28 is through the cerebellar cortex and the dentate nucleus. The
cortical cells appear normal. The perivascular spaces in the medullary sub¬
stance and in the dentate nuclei are dilated and there is slight evidence of
proliferation of their lining endothelium.

Section 29 is through the nucleus of the trochlear nerves. It includes only
the dorsal part of the midbrain at this level. It shows changes like those
in Section 23.

Section 30 is a cross section of the medulla at the level of the middle of
the olive. The choroid plexus appears normal. It is not congested. The
cells lining the ventricle are everywhere intact. The brain tissue is not
edematous. The meningeal and penetrating veins are congested. The endo¬
thelial cells lining a few of the perivascular spaces show hyperplasia and a
few of the perivascular spaces contain four or five cells. The cytoplasm of the
nerve cells is slightly granular, otherwise the tissue appears normal.

Sections 31, 32, 33 and 34 are sections of the pons, the left trochlear nerve,
the right oculomotor nerve and the left ophthalmic nerve. These sections are
stained by Weigert's method. No evidence of degeneration is seen in any
of the sections. The only change is a slight brown color in the tissue between
the nerve fibers of the tracts in the tegmentum of the pons.

Anatomic Diagnosis.—Acute polioencephalitis associated with an extensive
low grade inflammation of the meninges; neuritis of the optic nerves; neuritis
of both oculomotor, left trochlear, both trigeminal and both acustic nerves ;
acute cerebral congestion and edema; bilateral choked disks.

DISCUSSION

The three cases described above present the clinical and pathological
picture that is now known as diagnostic of "encephalitis lethargica."
The lesions noted in the central nervous system of these cases, like
the ones previously described by V. Economo,1 Wilson,2 Marinesco,3
Marie and Trétiakoff," Bassoe,5 Bassoe and Hassin,6 Calhoun,7 Netter,8

1. Von Economo, C.: : Encephalitis Lethargica, Wien. klin. Wchnschr. 31:
850, 1918.

2. Wilson, S. A. K.: : Epidemic Encephalitis, Lancet 2:7, 1918.
3. Marinesco, C.: Contributions to the Study of the Pathological Histology

of Encephalitis Lethargica, Reports to Local Government Board of Public
Health and Medical Subjects, N. S., No. 121, p. 47, 1918.

4. Marie, P., and Tr\l=e'\tiakoff,C.: Exam histologique des centres nerveux
dans deux cas d'encephalite l\l=e'\thargique,Bull. et m\l=e'\m.Soc. med. d. h\l=o^\p.d.
Par. 42:475, 1918; and Anatomie Pathologique de Z'Encephalite L\l=e'\thargique,
Ann. de m\l=e'\d.7:1, 1918.

5. Bassoe, P.: The Delirious and the Meningoradicular Types of Epidemic
Encephalitis, J. A. M. A. 72:971 (April 5) 1919.

6. Bassoe, Peter, and Hassin, George B.: A Contribution to the Histo-
pathology of Epidemic (Lethargic) Encephalitis, Arch. Neurol. & Psychiat.
2:24 (July) 1919.

7. Calhoun, H. A.: Histopathology of the Brain and Spinal Cord in a Case
Presenting a Postinfluenzal Lethargic Encephalitis Syndrome, Arch. Neurol.
& Psychiat. 3:1 (Jan.) 1920.

8. Netter, A.: L'enc\l=e'\phalitel\l=e'\thargique\l=e'\pid\l=e'\mique,Bull. Acad. de M\l=e'\d.Par.
79:337, 1918.
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Mott,9 Flexner,10 Smith in an article with Alexander and Allen,11 and.
many others 12 are those of an acute inflammation which in its his¬
tology is not different in many of its characters from that which is
known to occur in acute poliomyelitis or infantile paralysis.

Clinically lethargic encephalitis is an entity as distinct as that of
acute poliomyelitis. It differs from this latter disease not only in
its general clinical syndrome but also in its age incidence, its seasonal
variations and in the course it runs.13

While this is true clinically, it is questionable whether any pathologic
peculiarity of it has as yet been noted. The only one of any value
which as been described so far is the distribution of the lesions.
Whether this will hold in every case is an unsettled question. Infantile
paralysis, as it is generally known, is a disease of the spinal cord. As
Marinesco points out, Wickman has called attention to very constant
alterations of the formation reticularis and the gray matter of the
medulla and other authors have seen infiltration of the nuclei of the
columns of Gall and Burdoch, of substantia nigra, of the gray matter

surrounding the acqueduct of Sylvius, of the corpora quadrigemini
and in the raphé and neighboring parts.

Lesions higher up in the brain have not been seen in acute
poliomyelitis as far as the author is aware. In spite of this fact
there are cases, however, which are classed with this disease and
which show cerebral symptoms. Whether some of this latter type do
not show lesions similar to those in encephalitis lethargica is a question
yet to be answered and unless this is proven not to be true or one

can find more characteristic lesions in the cases of lethargic encephalitis
the pathological diagnosis between these two diseases must find its
confirmation always in the clinical data. The etiological agent has not
as yet been isolated.

Acute Poliomyelitis or Infantile Paralysis.—In 1919 I had the
opportunity to study care/ully at necropsy all the patients dying of
infantile paralysis in Baltimore between August 28 and the end of the
epidemic. The epidemic commenced later in that city than in
many other parts of the east. More than fifty necropsies were per¬
formed, and excepting a very few at the beginning of the epidemic
this included all the fatal cases of this disease in Baltimore that year.

9. Mott, L. W.: Discussion on Epidemic Encephalitis, Proc. Roy. Soc. Med.,
Lond., Med. Sect. 12:1, 1918.

10. Flexner, S.: Lethargic Encephalitis, etc., J. A. M. A. 74:865 (March
27) 1920.

11. Alexander, M. E., and Allen, H.: Lethargic Encephalitis, Arch. Neurol.
& Psychiat. 3:483 (April) 1920.

12. Stanton, J. M.: Epidemic Encephalitis: A Critical Review, Mod. Med.
2:353, 1920.

13. James, S. P.: Discussion on Epidemic Encephalitis, Proc. Roy. Soc.
Med., Lond., Med. Sect. 12:9, 1918.
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All the necropsies were complete. They were made on patients who
died of respiratory failure in the acute stage of the disease. It was

possible in these cases to study, therefore, not only the changes taking
place in the central nervous system during the time the disease was

active but also those peculiar to it in other organs and tissues of the
body. The ages of these cases varied between a few months and 15
years. In more than 50 per cent, of the cases the cerebrum was con¬

gested, and in a few of the cases there was fluid in the subdural and
the subarachnoid spaces of the meninges covering it. Unless other
complications had arisen this fluid was clear and colorless, or slightly
straw colored.

The more definite lesions were limited to the spinal cord, medulla,
pons and the dentate nucleus of the cerebellum. No lesions were

found in the midbrain or in any part above the upper end of the pons.
In many of the fatal cases the disease as noted clinically made its
first appearance low down in the lumbar cord and progressed upwards.
It was of the so-called "ascending type." In other cases it was more

focal.
The lesions in the cord were those of an acute inflammation. When

the cases were treated as a whole the lesions were congestion, edema,
hemorrhage, cellular infiltration, degeneration, necrosis, and pro¬
liferation.

Congestion and edema were the most constant alterations encoun¬
tered. The edema was easily recognized in the gross by the tensely
swollen cord, the substance of which on section of the meninges
bulged forth to cover their cut edges. Although the amount of
edematous swelling varied considerably in the different cases, it was

usually present. Failure of the cord substance to push out through
a broken point in the meninges of some part of the cord was seen
in only two cases. This edema, together with the striking hyper-
plasia of the Peyer's patches, the solitary follicles of the ileum and
colon, the mesenteric glands, especially those of the ileo-cecal region
and the malpighian corpuscles of the spleen, gave a group of alteration
which were found most useful in the gross diagnosis of the disease.

Histologically, it was of further interest to note that this conges¬
tion and edema, together with slight changes in the nerve cells, were

often all that was found in the cervical region and medulla of persons
who had undoubtedly died of respiratory failure. In one of the
cases edema with hemorrhage made up the greater part of the lesions
of the whole cord. This cord throughout was tensely swollen and
peppered everywhere with tiny hemorrhages which gave it a striking
appearance. The other changes noted in this case were a few cells in
a few of the perivascular spaces of the vessels of the anterior horns
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and a most constant hyperplasia of the endothelial cells lining the
perivascular spaces about many of the larger veins, especially those
which emerged into the anterior central fissure.

Hemorrhages were not present in all of the cases of this series.
They were grossly noticeable in only a limited number and were

proven microscopically to exist in only slightly more than fifty per
cent. They were located in part in the tissue and in part in the peri¬
vascular spaces.

The most constant changes in the cords of these cases were, there¬
fore, edema, hyperplasia of the perivascular endothelium—with or
without perivascular infiltration, congestion of the blood vessels, diffuse
and focal infiltration of the gray matter especially of the anterior
horns of the cord and of the dorsal portions of the medulla and the
tegmentum of the pons, various degrees of degeneration and prolifera¬
tion and meningitis.

The cells which took part in what appeared to be a diffuse and focal
infiltration of the tissue were of three kinds : Small mononuclear
cells, which resembled lymphocytes or small polyblasts, larger mono¬

nuclear cells and polymorphonuclear leukocytes. These latter cells come
without doubt directly from the blood stream. They were not seen in
every case but only in those where the tissue had suffered necrosis. The
sheaths of necrotic nerve cells contain often large numbers of them.
Tiny abscesses were thus formed. In other areas often large masses
of tissue had suffered a similar necrosis and invasion by these cells.
These larger abscesses were found in the anterior horns of the cord,
in the formatic reticularis and dorsal nuclei of the medulla, in the
tegmentum of the pons and in the dentate nuclei of the cerebellum.
The presence of these abscesses in this latter locality were of con¬

siderable interest because as far as the author is aware they have not
been described previously in this locality.

Associated with the polymorphonuclear cells in the abscesses and
scattered throughout the tissue there were also many of the smaller
and the large types of mononuclear cells. In those cases where tissue
necrosis is not marked and a less evident and slower degeneration of
nerve cells is noted, these latter cells are the only ones present. It
is in these cases that they can be seen definitely to be of two varieties.
The large cells have a mass of granular but rather palely staining
cytoplasm. The nucleus is small and rich in chromatin. They are

either globoid or elongated in shape and very frequently processes
can be seen extending from them into the tissue. These cells may
occur isolated in the tissue or they may occur in groups. In the
groups the central cells are generally globoid in shape while those in
the periphery are elongated. These elongated cells have long processes
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which connect them with the surrounding glia tissue. These cells
the author considered were proliferated and degenerated glia cells
and not cells which had entered this region from without. In this
connection it is interesting that Buzzard and Greenfield 14 have noted
cells like them in the brain of persons dead of lethargic encephalitis
and these authors have also considered them of this origin. Holmes 15

ascribed the same origin to the large mononuclear cells of brain soften¬
ing.

Associated with the accumulation of these cells in many of these
cases there was also a more diffuse and evident proliferation of the
glia tissue. This took place in part just outside the site of the
greatest degeneration of tissue.

Many of the small mononuclear cells had a different appearance.
They look more like lymphocytes. It was interesting, however, that
all gradations between these small mononuclear cells and the larger
type could be found. And, again, it was interesting to note that there
were cases of rapidly progressing degeneration which showed few
of these cellular changes.

The small cells were either diffusely scattered or collected in small
clusters like those that look like glial cells. Many of the larger ones

of this type look like polyblasts and few often resembled plasma cells.
Their general appearance was such, however, that one was loath to
class them in this group, but it was not definitely determined whether
they had migrated like the polymorphonuclear leukocytes into this
area or whether they had differentiated there.

The changes in the perivascular spaces were variable. The spaces
more frequently involved were those about the veins draining the
anterior horns of the cord, the formatio reticularis and dorsal portions
of the medulla and the tegmentum of the pons. This was not always
true, however, as Wickman has noted. In many cases many of the
perivascular spaces about the arteries and all of the veins of both
the white and gray matter were involved.

In the rapidly fatal cases showing little more than an intense
edema, the spaces were generally greatly dilated and filled with pink
staining granular material. There was slight hyperplasia of their endo¬
thelial lining cells and this membrane was frequently ruptured in places
and the brain tissue compressed without. Such changes in these
spaces were also seen in several instances in the cases of encephalitis
lethargica reported above.

14. Buzzard, E.: Lethargic Encephalitis; Its Sequelae and Morbid Anatomy,
Brain 42:305, 1919.

15. Holmes, G.: The Pathology of Acute Spinal Injuries, Brit. Med. J.
2:769 (Nov. 27) 1915.
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In most of the cases of poliomyelitis as in lethargic encephalitis
this dilatation was not so extreme, and the change consisted either
of a striking hyperplasia of the endothelial lining cells or hyperplasia
and a filling up of the space with small mononuclear cells.

As is well known the spaces about the larger blood vessels of the
normal brain and cord are lined by a single or a double layer of flat¬
tened endothelial cells. These form a lining membrane which con¬

nects directly with the membrane lining the subarachnoid space of
the meninges. The perivascular spaces about the small vessels and
capillaries have no such endothelial lining. This system of perivas¬
cular spaces is what might be called the lymphatics of the central
nervous system. The tissue fluid drains through them into the sub¬
arachnoid space from whence it gains entrance into the veins.

In poliomyelitis there were no changes in most of the spaces about
the smaller blood vessels. The changes were limited largely to these
spaces about the larger blood vessels which are endothelial lined. The
lining cells were not like those of the normal brain but were greatly
increased and had a definitely cuboidal shape. Their nuclei were

spherical, vesicular and rich in chromatin. Many of these cells were

seen to be desquamating or budding off into the subarachnoid space.
The cells that filled the space were small round cells which were

apparently identical to these lining cells. Polymorphonuclear leuko¬
cytes were also seen in a number of these spaces. They were present
only, however, in those cases where there were areas of tissue necrosis
without which had been invaded by them. Besides these cells there
were also a few larger clear mononuclear cells which had the appearance
of swollen endothelial cells. There were also other cells which have
been identified as polyblasts and plasma cells. All transitions between
these various types and the endothelial lining cells could be found. The
number of the cells in these spaces varied considerably. In many places
the spaces contained very large numbers. The spaces were greatly
distended. Their outer endothelial lining membrane had often rup¬
tured in many places and the tissue without was edematous and the
cells could be' traced in numbers outwards from the space into the
tissue. This was seen both in the gray and the white matter. It is
possible that many of the small cells scattered in the tissue farther
out may have been derived from this source. Many of them resem¬

bled these cells very much.
The meningeal changes were also variable. In the early part of

the epidemic several of the cases were suffering from an acute purulent'
meningitis. This was seen, however, only in those cases which had
been treated intraspinally with serum prepared from the blood of
another patient who had recovered from the disease. This treatment
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was soon discontinued in Baltimore. Subsequently no more cases

with this form of meningeal change were encountered and it seemed
evident, therefore, that it was not a part of acute disease, but that it
had been a result of the serum treatment.

The simplest meningeal changes were congestion and edema. Micro¬
scopically, the spaces were dilated, the blood vessels were distended
with blood and there was a small amount of pink staining granular
material and a few smaH mononuclear cells scattered in the open
space. In other cases the spaces contained larger numbers of small
mononuclear cells and clusters of these cells were also seen in the
walls of the larger blood vessels.

Active hyperplasia of the endothelial cells lining the subarachnoid
space was not seen, except in a few of the cases, and when present
it was often associated with hemorrhage. This fact became of interest
because it was thought possible to associate it with the meningeal
symptoms presented by a limited number of the cases. Unfortunately.
ho\vever, the clinical data obtained for most of the cases was not
sufficient.

The cell reaction in poliomyelitis is evidently, therefore, a mono¬

nuclear cell type. Peabody, Draper and Dochez 16 had already pointed
out that polymorphonuclear leukocytes make their appearance only
when there is active tissue necrosis. These authors considered the
mononuclear cells to be lymphocytes from the blood stream. Mar¬
burg 17 had also the same view as to their origin. Wickman 18 calls
them polyblasts in the sense of Maximow. Goldscheider 19 thought they
were of glial origin while Strauss 20 considered them to be derived from
the adventitial cells. Our studies would indicate that they were derived
directly from the endothelium lining the perivascular spaces.

In this regard the recent work of Essick21 becomes important.
Essick noted endothelial hyperplasia and budding or desquamation in
the subarachnoid space following the introduction of participate matter
into it.

16. Peabody, F. W.; Draper, C., and Dochez, A. R.: A Clinical Study of
Acute Poliomyelitis, Monogr. Rockefeller Inst. M. Research, New York, No.
4, 1912.

17. Marburg, O.: (See Wickman, Ref. 18) 1909.
18. Wickman, I.: Acute Poliomyelitis (Heine-Medin's Disease), Nerv. &

Ment. Dis. Monogr. S., No. 16, 1913.
19. Wickman: Loc. cit.
20. Wickman: Loc. cit.
21. Essick, C. R.: Formation of Macrophages by the Cells Lining the Sub-

arachnoid Cavity in Response to the Stimulus of Particulate Matter, Con-
tribution to Embryol. No. 42, Extr. f. Pub. 272, Carnegie Inst., Washington,
p. 377, 1920.
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The changes in the nerve cells in many of these cases of poliomyelitis
consisted only of slightly evident degenerative changes. In a few
cases the cells were swollen but they were generally slightly shrunken.
Their nuclei stained palely and were shrunken. The cytoplasm was
more densely granular. Mononuclear cells were often seen invading
the space about these cells. These changes in other cases were more

severe and proceeded to complete atrophy or to a rapid necrosis with
fragmentation of their nerve fibers and an invasion of the space
with polymorphonuclear cells as mentioned above.

Aside from these alterations, the sensory ganglion were also fre¬
quently involved in poliomyelitis. The changes were like those in the
brain stem. They consisted of congestion, edema, hemorrhage and
perivascular and diffuse infiltrations of small mononuclear cells. The
changes in the ganglion cells varied from slight degenerative changes to
complete atrophy or in other cases to necrosis with an invasion of
polymorphonuclear leukocytes.

Evident involvement of the nerve fibers aside from secondary
degeneration resulting from the destruction of their cells, was not
observed in any of the cases. Further, neuritis has not been noted as
far as the author is aware in any form in acute poliomyelitis by
other authors.

The changes in the other organs in poliomyelitis were of two
kinds : cloudy swelling of the heart, liver and kidney and a local¬
ized or generalized lymphoid hyperplasia. Focal necroses in the liver
were not observed in any of our cases but it has been described
by Peabody, Draper and Dochez.16

The lymphoid hyperplasia especially noted by these latter authors
and mentioned above was most marked, however, in all of our cases.

It reached its greatest intensity in the Peyer's patches and solitary
follicles of the ileo-cecal region, the ileum, the colon and in the
regional lymph glands of the mesentery and in the malpighian cor¬

puscles of the spleen. In the cases of persons dying early in the
disease the gross enlargement of the lymphoid tissue was largely
limited to the spleen, the ileocecal region and the colon. In cases of
slightly longer standing it became more general. All of the lymph
glands and other lymphoid structures of the body, including the
adenoids and tonsils, were enlarged and there were nests of lymph
cells scattered in the wall of the bronchi and in other tissues and
organs of the body.

The change in the lymph glands was not that of an ordinary infec¬
tion but, on the other hand, it was that of a true hyperplasia. It
differs decidedly from that seen in typhoid fever but may be found in
many other conditions. Since this early study I have noted it in cases of
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extensive skin burns, streptococcal infections with pronounced septi¬
cemias, in diphtheria associated with degeneration of the nervous tissue,
in rabies, in tetanus and to a certain extent in acute cerebrospinal
meningitis and other infections of the meninges and in a number of
cases of brain tumors, especially gliomas.

The lymphoid tissue in the lymph glands in these hyperplasias is
greatly increased in amount. The blood vessels are congested. The
sinuses are generally collapsed and empty. The trabeculae are packed
with lymphoid cells. The follicles are striking. Their centers con¬
tain a few or no lymphoid cells. They are filled with pink staining
granular necrotic looking material or a number of large granular
endothelial cells which contain no nucleus or one which is degenerating.
The peripheral part of the follicles contains large numbers of lymphoid
cells and at the sharply defined boundary between the periphery and
the center, mitotic figures are frequently seen.

The same changes are seen in the tonsils, the solitary follicles and
Peyer's patches of the intestines, and in the malpighian corpuscles of
the spleen. In the lungs and other organs simple densely packed
clusters öf lymphoid cells are found.

Most of the cases of poliomyelitis occurred in otherwise healthy
children. A few, however, were complicated by an active tubercu¬
losis and other diseases and a few also had developed a low grade
or an extensive bronchopneumonia associated with an acute enlarge¬
ment of the spleen and more intense cloudy swelling of the organs.
The liver cells contain fat in a few of the cases. This was rarely
seen, however, and was associated generally with a chronic passive
congestion or some other complication.22

Lethargic Encephalitis.—Complete necropsies were obtained on two
of the cases of lethargic encephalitis reported above. In neither of
these cases was there any evident lymphoid hyperplasia. The absence
in the first case was not considered important. It was thought it might
have been influenced by the changes in the kidneys and in the blood
vessels which complicated this case. The second case, however, was
that of a young boy, aged 17. The lymphoid hyperplasia was most
marked in a case of poliomyelitis in a boy aged 15. It was absent
in this case which terminated fatally because of an acute lethargic
encephalitis of long standing.

In Case 1, there is marked degeneration of the nerve tissues in
the lower part of the thalamus. Active and intensive lesions are found
throughout the whole of the lower part of the thalamus, midbrain,
pons, medulla, the whole of the spinal cord and in several sections
of the cerebral cortex. They had reached, however, their greatest

22. Taken from the unpublished notes of the author.
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intensity in the lower part of the thalamus and midbrain or in the
region of the substantia nigra, which has also been true of the large
number of cases reported by previous authors. A similar distribution
of lesions is seen in Case 2, while in Case 3, although the cord was

not obtained, the lesions were apparently largely confined to the
thalamus, internal capsule, parts of the lenticular nucleus, the mid¬
brain and the pons. Marinesco described peculiar changes in the
Purkinje cells of the cerebellum in these cases. Slight evidences of
degeneration were seen in one section of Case 3, but these were absent
in other sections.

In this same case (Case 3) there was also a diffuse and focal infil¬
tration with beginning necrosis and a few polymorphonuclear cells
in the substantia nigra. Marinesco, Buzzard and Greenfield and
others have also noted these cells in these cases.

The myelin bodies noted in Case 1 were not seen in Cases 2 and
3. The disease in Case 1 had occurred in a middlle aged man. The
brain lesion was complicated by a previously existing arteriosclerosis
and atrophy. The myelin bodies were not different in their distribu¬
tion and morphology from those seen in uncomplicated cases of
cerebrospinal arteriosclerosis associated with atrophy of the brain sub¬
stance and were, therefore, considered something apart from the acute
disease.

The endothelial pearls seen in the meninges of the midbrain and
about the trochlear nerve of Case 2 were more difficult to explain.
Whether they were the result of previous changes in this part of the
brain or a part of the existing, long standing acute illness could not be
determined.

From this account it is evident, therefore, that the actual lesions
in the central nervous system of lethargic encephalitis are not different
histologically from a large number of cases of poliomyelitis. Buzzard
and Greenfield in their recent careful description of a number of
cases occurring in England have noted the same endothelial hyper¬
plasia and the same type of cellular infiltration that I have noted in
the cases of poliomyelitis. The changes in the nerve cells are also
similar to those seen in the large number of cases of poliomyelitis.

The difference pathologically, therefore, between lethargic enceph¬
alitis and poliomyelitis is evidently not to be found in the minute
histology of the nervous system but rather in the distribution of the
lesions, the absence of marked edema and swelling of the spinal cord
and the changes in other organs and tissues.

These systematic changes or changes in other organs, tissues and
parts of the body we give with reserve because we have been able to
study more or less completely only two cases of this disease. Whether
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a general lymphoid hyperplasia may not occur in a limited number of
these cases is of course something which the future alone can decide.

The neuritis of the cranial nerves, on the other hand, form appar¬
ently a more distinctive difference. Again, its discovery is interesting
because neuritis of the cranial nerves is a rare condition. It was

marked in Cases 1 and 2 and present in the optic nerve and in a few
of the other cranial nerves in Case 3.

McNaulty 23 in classifying clinically the cases of lethargic enceph¬
alitis 2i as they occurred in England previous to the writing of his
article noted six groups. They are as follows :

Group I. Cases with general symptoms and without localizing
signs.

Group II. Cases with third nerve paralysis and general distur¬
bances in the function of the central nervous system.

Group III. Cases with facial paralysis and general disturbances
in the function of the central nervous system.

Group IV. Cases with spinal manifestations and general disturb¬
ances in the function of the central nervous system.

Group V. Cases with polyneuritic manifestations and general dis¬
turbances in the function of the central nervous system.

Group VI. Cases with mild or transient manifestations (so-called
''abortive" cases).

Throughout the epidemic of lethargic encephalitis which has raged
in this country and Europe cases of polyneuritis have been continually
reported and have been associated clinically with those cases showing
cerebral symptoms. It has been of interest therefore to report these
three cases here and the neuritis noted in their cranial nerves not
only because of the bearing this finding has in distinguishing this
disease from acute poliomyelitis but further because it gives a definite
pathologic basis of union of these various types with those of true
lethargic encephalitis.

Cases 1 and 3 of this series belong to McNaulty's Group II while
Case 2 falls quite clearly among those cases which he places in
Group V.

23. MacNaulty, A. S.: A Clinical Account of the Disease and the Opinion
as to Its Nature Which Seems Justifiable from Clinical Inquiry. Reports to
Local Government Board on Public Health and Medical Subjects. Report
of an Inquiry Into an Obscure Disease, Encephalitis Lethargica, N. S., No. 121,
p. 12, 1918.

24. The name "encephalitis lethargica'' is evidently not a good one for this
disease when it is considered in its broader aspects. "Epidemic encephalitis"
is undoubtedly preferable. I have used the name lethargic encephalitis in
this paper for another reason and that is to emphasize the fact that a definite
neuritis may occur in cases showing largely cerebral symptoms and lethargy
as a prominent one.
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